Areas of Parallelograms 
and Triangles 


A stage is being set up for a concert at the arena. 
The stage is made up of blocks with tops that 

are congruent right triangles. The tops of two of 
the blocks, when put together, make an 8 ft-by- 

8 ft square. The band has requested that the stage 
be arranged to form the shape of an arrow. Draw a 
diagram that shows how the stage could be laid out 
in the shape of an arrow with an area of at least 
1000 ft? but no more than 1400 ft. 


— are Activity) 


‘Avea of Essential Understanding You can find the area of a parallelogram or a triangle 


Parallelograms when you know the length of its base and its height. 
and Triangles 


A parallelogram with the same base and height as a rectangle has the same 


area as the rectangle. 


Ox... 


Vocabulary 
* base of a th Pi ‘ " 
parallelogram e area of a rectangle is the product of its base and height. 
* altitude of a A= bh 
parallelogram 
«height of a 
parallelogram 
« base of a triangle 
«height of a 
triangle ‘The area of a parallelogram is the product of a base and the 
ees Z 
A= bh 
[ee come | 
base of a parallelogram it 
A can be any one of its eee 


sides. The corresponding altitude is a segment 

perpendicular to the line containing that base, \e 
drawn from the side opposite the base. The 

height is the length of an altitude. 
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Ititude 
Base—- 


Think 


Think 

What does CF 
represent? 

CF is an altitude of the 
parallelogram when 
AD and BC are used as 
bases, 


What is the area of each parallelogram? 


45 in. 


inding the Area of a Parallelogram 


Sin. 


You are given each height. Choose the corresponding side to use as the base. 


A= bh A=bh 
= 5(4) = 20 Substitute for b and h. = 2(3.5) = 
‘The area is 20 in?. ‘The area is 7 cm?, 


@ Got It? 1. Whatis the area of a parallelogram with base length 12 m and height 9 m? 


@ Problem 2 Jag 


For ABCD, what is DE to the nearest tenth? 


ding a Missing Dimension 


Pe dg 
First, find the area of GABCD. Then use the area formula a - 
second time to find DE. 
A=bh 13in. 
13(9) = 117 Use base AD and height CF. 
‘The area of ABCD is 117 in. 
A - 8B 


A=bh |-—-9.4 in. —| 
117 = 9.4(DE) _ Use base AB and height DE. 
1 


DE = 


12.4 
DEis about 12.4 in, 


@ Got It? 2. A parallelogram has sides 15 cm and 18 cm. ‘The height corresponding to a 
15-em base is 9 cm. What is the height corresponding to an 18-cm base? 


You can rotate a triangle about the midpoint of a side to form a parallelogram. 


a B/ 


‘The area of the triangle is half the area of the parallelogram. 
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‘the area of a triangle is half the product of a base and the | 
corresponding height. | 


| A=}bh | 
2 j}-— 2 ——} | 


Abase of a triangle can be any of its sides. The correspondingheight = 
is the length of the altitude to the line containing that base. 


@n==p Finding the Area of a Triangle 


Plan 
Flan mel | Sailing You want to make a triangular sail like the one at 
bbe the right. How many square feet of material do you need? 

to convert the base 
perhbed et A Step 1 Convert the dimensions of the sail to inches. 
You must convert © (2 tA) + 2in. = 146in, Use a conversion factor, 
‘them both because 12 in. 7 
you can only multiply (ast - 124%) + ain, = 160in, 
measurements with Ike ‘Step 2_Find the area of the triangle. 

| A=Ddon 

| = 4}(160)(146) Substitute 160 for b and 146 for h. 

= 11,680 simplify 


Step3 Convert 11,680 in. to square feet. 
Lift 


indi. 2 
11,680in? + 555, 


= ape 
= Big ft 


You need 814 f(? of material. 


5 
7) Got It? 3. Whatis the area of the triangle? 


Plan Finding the Area of an Irregular Figure 


How do you know | What is the area of the figure at the right? 

the length of the 

base of the triangle? Find the area of each part of the figure. 
pa Ginga Bin 

base length of the 1 square area = bh = 6(6) = 36in2 

triangle is the same as | oe, 3 ig 
the base length of the | area ofthe figure = 24 in? + 36in? = 60 in. 
square. 


@ Got If? 4. Reasoning Suppose the base lengths of the square and triangle in the 
figure above are doubled to 12 in., but the height of each polygon remains 
the same, How is the area of the figure affected? 
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7) Lesson Check 


Do you know HOW? 
Find the area of each parallelogram. 
1. 


20m 


Find the area of each triangle. 
3. 


12cm 


Do you UNDERSTAND? 
5. Vocabulary Does an altitude ofa triangle have to lie 
inside the triangle? Explain. 


6. Writing How can you show that a parallelogram and 
a rectangle with the same bases and heights have 
equal areas? 


7. ABCD is divided into two triangles along diagonal 
AC. If you know the area of the parallelogram, how 
do you find the area of AABC? 


D c 


ce) Practice and Problem-Solving Exercises 


@ Practice 


Find the area of each — 


Find the value of h for each — 


11. Anh 
10 


Find the area of each triangle. 


14, 
57m Sm 
4m 3m 


* 45 yd, 


- | 


@ See Problem 1. 
3.5m 
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17. Urban Design A bakery has a 50 ft-by-31 ft parking lot. The four @ See Problem 4, 
parking spaces are congruent parallelograms, the driving region is a 


rectangle, and the two areas for flowers are 
congruent triangles. 
a. Find the area of the paved surface by adding 
the areas of the driving region and the four 
parking spaces. 
b. Describe another method for finding the ark 


area of the paved surface. 

¢. Use your method from part (b) to find the 
area, ‘Then compare answers from parts (a) 15 
and (b) to check your work. 


Q perv 18. ‘The area of a parallelogram is 24 in. and 
= the height is 6 in. Find the length of the 
corresponding base. 


19. What is the area of the figure at the right? 
@® 64cm? @® 88 cm? @® 96 cm? @D 112 cm? 


8 
20. A right isosceles triangle has area 98 cm®, Find the length of each leg. i 


21, Algebra ‘The area of a triangle is 108 in.?. A base and corresponding height are 
in the ratio 3 : 2. Find the length of the base and the corresponding height. 


22, Think About a Plan Ki used geometry 
software to create the figure at the right. She 
constructed AB and a point Cnoton AB. Then 
she constructed line k parallel to AB through 
point C. Next, Ki constructed point D on line k 
as well as AD and BD. She dragged point D 
along line k to manipulate A ABD. How does 
the area of AABD change? Explain. 

* Which dimensions of the triangle change 
when Ki drags point D? 
* Do the lengths of AD and BD matter when calculating area? 


23. Open-Ended Using graph paper, draw an acute triangle, an obtuse triangle, and a 
right triangle, each with area 12 units?. 


Find the area of each figure. 

24. CABIF 25. ABDI 
26. ADK] 27, OBDK] 
28. SOADKF 29, ABC] 


30. trapezoid ADJF 


31, Reasoning Suppose the height of a triangle is tripled, How does this affect the area 
of the triangle? Explain, 
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For Exercises 32-35, (a) graph the lines and (b) find the area of the triangle 
enclosed by the lines. 


32. y=4x=0,y=7 BB. y=x+2y=2,x=6 


36. Probability Your friend drew these three figures on a grid. A fly lands at random at 
a point on the grid. 


a. Writing Is the fly more likely to land on one of the figures or on the blank 
grid? Explain. 

b, Suppose you know the fly lands on one of the figures. Is the fly more likely to 
land on one figure than on another? Explain. 


Coordinate Geometry Find the area of a polygon with the given vertices. 


37. A(3, 9), B(8, 9), C(2, —3), D(—3, —3) 38. F(1, 1), F(4, 5), G(11, 5), H(8, 1) 
39. D(0, 0), E(2, 4), F(6, 4), G(6, 0) 40. K(—7, —2), L(—7, 6), MU, 6), N(7, —2) 
Find the area of each figure. 
a. 25 ft 42. 15cm 43. 200m 
> 21cm 
‘\ ft 120m 
40m 
3S ft rar! 60m 


Q@chaltenge History ‘the Greek mathematician Heron is most famous for this formula for 
the area of a triangle in terms of the lengths of its sides a, b, and c. 


A= Vs(s— a)(s — b)(s — c), wheres =a +b+c) 


G 


Use Heron's Formula and a calculator to find the area of each triangle. Round 
your answer to the nearest whole number. 


44, a = Bin. b = Gin, c¢ = 10in, 45.a = 15m,b = 17m,¢ = 21m 
46. a. Use Heron's Formula to find the area of this triangle. 1Sin 
b. Verify your answer to part (a) by using the formula A = }bh. 9in 
12 in. 
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Standardized Test Prep 


\satiact 47. ‘The lengths of the sides of a right triangle are 10 in., 24 in., and 26 in, What is the 
area of the triangle? 
@® 116 in? @® 120 in? @D 130 in? @D 156 in? 


48. In quadrilateral ABCD, AB = BC = CD = DA. Which type of quadrilateral could 
ABCD never be classified as? 


®D square @D rectangle @® rhombus Dkite 
Short 49. Are the side lengths of AXYZ possible? Explain, x 


oS 5 ae 
y 11 


Mixed Review 


List the symmetries in each tessellation. @ See Lesson 9-7. 
50. 51. 
ra —H 
‘The base of the isosceles triangle is also a side of a regular N @ See Lesson 4-5. 
pentagon PENTA, Find the measure of each angle. 
52. ZAPE 53. APN E T 
54, 2 PAN 55. PNA 
56. /EPN 57. ZANT P y 


Get Ready! To prepare for Lesson 10-2, do Exercises 58-62. 
Write the formula for the area of each type of figure. @ See Lesson 10-1. 


58. arectangle 59. atriangle 


Find the area of each trapezoid by using the formulas for area of a rectangle and 
area of a triangle. 
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Areas of Trapezoids, 
Rhombuses, and Kites 


Objective | To find the area of a trapezoid, rhombus, or kite 


Draw a trapezoid on a sheet of graph paper 
Label the bases b; and bz. Draw its midsegment 
s Cut out the trapezoid, and then cut it along the 
( Rearranging midsegment. Rotate the top part of the trapezoid 
figures into 180° so that b; and bz now form one long base 


pip oe? HE How can you use this new figure to find the area 


ereamee of the trapezoid? Explain your reasoning 

Problem strategy. 
lessen Essential Understanding You can find the area of a trapezoid when you know 
Vocabulary its height and the lengths of its bases. 
ae ‘The height of a trapezoid is the perpendicular distance between the bases. 


‘The area of a trapezoid is half the product of the height and 
the sum of the bases. 


A= 4n(b, + by) 


QTD 1000 0F 2 ropersis 


Geography What is the approximate area of Nevada? 


\ 


Which borders of 


Nevada can you use A=hn(v, + by) Use the formula for area of a 205 mi 
as the bases of a ‘ trapezoid. 

aneena = 4(209)(205 + 511) _ Substitute 309 for h, 205 for 
poled ‘ brand ry 

of a trapezoid. = 110,622 Simplify. 


‘The area of Nevada is about 110,600 mi?. 


i) Got It? 1. Whatis the area ofa trapezoid with height 
7 em and bases 12cm and 15 cm? 
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and the longer leg is 


‘V3 times the length of 
the shorter leg, 


Think 

Do you need to know 
the side lengths of 
the kite to find its 
area? 

No. You only need the 
lengths of the diagonals. 


What is the area of trapezoid PQRS? 


Finding Area Using a Right Triangle 


You can draw an altitude that divides the trapezoid into a rectangle 
and a 30°-60°-90° triangle, Since the opposite sides of a rectangle are 
congruent, the longer base of the trapezoid is divided into segments 


of lengths 2m and 5m. 


h=2V3 longer leg = shorter leg - V3. 
A=Shlb, +b) Use the trapezoid area formula. 


= }@2V3\7 + 5) Substitute 2V3 for h, 7 for by, and 5 for bp. 


= RV3 Simplify. 
‘The area of trapezoid PQRS is 12 V3 m*. 


§__5m_R 
P 7m Q 
S__5m_ oR 


Pam 5m Q 


@ Got It? 2. Reasoning In Problem 2, suppose h decreases so that m/P = 45 while 
angles R and Q and the bases stay the same. What is the area of 


trapezoid PQRS? 


Essential Understanding You can find the area of a rhombus or a kite when 


you know the lengths of its diagonals. 


‘The area of a rhombus or a kite is half the product 
of the lengths of its diagonals. 


1 
A= }3did, 


4, 


Rhombus 


QTD Finding the Arce of « Kite 


What is the area of kite KLMN? 


Find the lengths of the two diagonals: 
KM =2+5=7mandlN =3 + 3=6m, 


A= $d\dy Use the formula for area of akite. 
=4(7)(6) Substitute 7 for d, and 6 for dy. 
=21 Simplify 

‘The area of kite KLMN is 21 m2, 


i) Got It? 3. Whatis the area of a kite with diagonals that are 12 in, and 9 in. long? 
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Pacis Aris hla 


Car Pooling The High Occupancy Vehicle (HOV) lane 
is marked by a series of “diamonds,” or rhombuses 
wht £ painted on the pavement. What is the area of the HOV 
d lane diamond shown at the right? 


How can you find the 
length of AB? AABC isa right triangle. Using the Pythagorean 
fake aaes the Theorem, AB = V6.5" — 2.5 = 6, Since the diagonals 
Seen ples ofa rhombus bisect each other, the diagonals of the 
x eeetated HOV lane diamond are 5 ft and 12 ft. 
its length. dy Use the formula for area of a rhombus. 
5)(12) Substitute 5 for d, and 12 for dy 
= 30 Simplify. 


‘The area of the HOV lane diamond is 30 ft”. 


@ cor Ht? 4. Arhombus has sides 10 cm long. 
Ifthe longer diagonal is 16 cm, 
what is the area of the rhombus? 


@ Lesson Check 


Do you know HOW? Do you UNDERSTAND? 
Find the area of each figure. 7. Vocabulary Can a trapezoid and a parallelogram 
1. in 2. Sin with the same base and height have the same area? 
Explain, 


6m 


6 b 


3. ait 4. ir 
ie 8. Reasoning Do you need to know alll the side lengths 
to find the area of a trapezoid? 
Sft 


9. Reasoning Can you find the area of arhombus if you 
only know the lengths of its sides? Explain. 


5. 10m 6. 3m 
Sen Sime 10. Reasoning Do you need to know the lengths of the 
sides to find the area of a kite? Explain. 
10m 20m 
10m ten 


625 
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[Lesson 10-2 Areas of Trapezoids, Rhombuses, and Kites 


@ Practice and Problem-Solving Exercises 


© Practice 


(8) Apply 


Find the area of each trapezoid @ See Problem 1. 
11. 21 in. 13. 
oft 
18 ft 
38in. 

14, Find the area of a trapezoid with bases 12. cm and 18 cm and height 10 cm. 
15. Find the area of a trapezoid with bases 2 ft and 3 ft and height } ft. 
16. Geography ‘The border of Tennessee resembles a trapezoid with bases 340 mi and 

440 mi and height 110 mi. Estimate the area of Tennessee by finding the area of the 

trapezoid. 
Find the area of each trapezoid. If your answer is not an integer, leave it in @ See Problem 2. 
simplest radical form. 
17. 18. 19. 6 

Sf aft in m 
10m 
of 
15 ft 
Find the area of each kite. @ See Problem 3. 
20. Zin. 21. im 22. 
Find the area of each rhombus. @ See Problem 4. 
23. 24, 10 in. 25. 
Sm 


26. Think About a Plan A trapezoid has two right angles, 12-m and 18-m bases, and an 
8-m height. Sketch the trapezoid and find its perimeter and area, 
* Are the right angles consecutive or opposite angles? 
‘* How does knowing the height help you find the perimeter? 
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27. Metallurgy ‘The end of a gold bar has the shape of a trapezoid 
with the measurements shown, Find the area of the end. 


28. Open-Ended Draw a kite. Measure the lengths of its diagonals. 
Find its area. 


Find the area of each trapezoid to the nearest tenth, 
29. 30. aft 


4 
3em - 30° |—9 ft —| 


3am 


Coordinate Geometry Find the area of quadrilateral QRST. 
2. EE 


35. What is the area of the kite at the right? 


9N2m 
@® 90m’ @ 135m? 
@®D 108m* @D 216m? 
36. a. Coordinate Geometry Graph the lines x = 0, x = 6, y = 0, andy =x + 4. 6m 


b. What type of quadrilateral do the lines form? 
c. Find the area of the quadrilateral. 


Find the area of each rhombus. Leave your answer in simplest radical form. 


40. Visualization ‘The kite has diagonals d, and d, congruent to the sides of the 
rectangle. Explain why the area of the kite is }d\dy. 


41. Draw a trapezoid. Label its bases b, and b, and its height h. Then draw a 
diagonal of the trapezoid. 
a. Write equations for the area of each of the two triangles formed. 4; 
b. Writing Explain how you can justify the trapezoid area formula using 
the areas of the two triangles. 


jwerGeometry. 


Qrattenge 42. Algebra One base of a trapezoid is twice the other. The height is the average of the 
two bases. The area is 324 cm®, Find the height and the bases. (Hint: Let the smaller 
base be x.) 


43. Sports ‘Ty wants to paint one side of 
the skateboarding ramp he built. The 
ramp is 4 m wide. Its surface is 
modeled by the equation y = 0.25x?, 
Use the trapezoids and triangles 
shown to estimate the area to be 
painted. 


44, In trapezoid ABCD at the right, AB || DC, Find the area of ABCD. 


Standardized Test Prep 


SATIACT 45. ‘The area of a kite is 120 cm?, The length of one diagonal is 20 cm, What is the length 
of the other diagonal? 
@® 12cm @® 2m OwAcm D 48cm 


46. AABC ~ AXYZ. AB = 6, BC = 3, and CA = 7. Which of the following are NOT 
possible dimensions of AXYZ? 


@D XY = 3, YZ = 15, 2X =35 GD xY= 10, YZ =7,2X=1 
@® XY = 9, YZ = 4.5, 2X = 105 DAY = 18, YZ = 9, ZX = 21 
‘Short 
Response 47. Draw an angle. Construct a congruent angle and its bisector, 
Mixed Review 
48. Find the area of a right isosceles triangle that has one leg of length 12 cm. @ See Lesson 10-1. 
49. A right isosceles triangle has area 112.5 ft2, Find the length of each leg. 
50. Find the measure of an interior angle of a regular nonagon. @ See Lesson 6-1. 
Get Ready! To prepare for Lesson 10-3, do Exercises 51-53. 
Find the area of each regular polygon. Leave radicals in simplest form. @ See Lesson 8-2. 


51. 52. 53. 
10m 
10 cm 
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area for a given 
perimeter? 


Vocabulary 
radius of a 
regular polygon 

* apothem 


=... | 


How do you know 
the radii make 
isosceles triangles? 
Since the pentagon is 

a regular polygon, the 
radii are congruent. So, 
the triangle made by 
two adjacent radii and a 
side of the polygon is an 
isosceles triangle. 


Areas of Regular 
Polygons 


Objective To find the area of a regular polygon 


You want to build a koi pond. For the border, you plan to use 3-ft-long 
pieces of wood. You have 12 pieces that you can connect together at 
any angle, including a straight angle. If you want to maximize the area 
of the pond, in what shape should you arrange the pieces? Explain your 
reasoning 


‘The Solve It involves the area of a polygon. 


Essential Understanding ‘the area of a regular polygon 
is related to the distance from the center to a side, 


You can circumscribe a circle about any regular polygon. The 
center of a regular polygon is the center of the circumscribed 
circle. The radius of a regular polygon is the distance from the 
center to a vertex. The apothem is the perpendicular distance 
from the center to aside. 


Finding Angle Measures 


‘the figure at the right is a regular pentagon with radii and an 
apothem drawn, What is the measure of each numbered angle? 


m1 = 8 = 72 Divide 360 by the number of sides. 
mca = bred isles tag formed by thera 
= 72) = 36 
90 + 36 + mZ3 = 180 The sum of the measures of the angles of a triangle is 180. 
m3 = 54 


mZ1 = 72,mZ2 = 36,andmZ3 = 54. 


Got It? 1. Atthe right, a portion of a regular octagon has radii 
and an apothem drawn. What is the measure of each 
numbered angle? 


PowerGeometr, 


Iftwo figures are congruent, then their areas are equal. 


Suppose you have a regular n-gon with side s, The radii divide the figure 
into n congruent isosceles triangles, By Postulate 10-1, the areas of the 
isosceles triangles are equal. Each triangle has a height of a and a base 
of length s, so the area of each triangle is as. 


Since there are n congruent triangles, the area of the n-gon is 

A = n- has. The perimeter p of the n-gon is the number of sides n times 

the length of a side s, or ns, By substitution, the area can be expressedas > ~*~ 
1 

A=}ap. 


Plan 


What do you know 
about the regular 


decagon? 

A decagon has 10 sides, 
son = 10. From the 
diagram, you know 
that the apothem a is 
12.3 in, and the side 


length is in, 


‘The area of a regular polygon is half the product of the apothem and 
the perimeter. 


A=ISap 


@ RECOGNI) Finding the Area of a Regular Polygon 


What is the area of the regular decagon at the right? 
Step 1 Find the perimeter of the regular decagon. 


p=ns Use the formula for the perimeter of an n-gon. 
= 10(8) Substitute 10 for n and 8 for s. 
= 80in. 


Step 2 Find the area of the regular decagon. 
A=}ap Use the formula for the area of a regular polygon. 


= }(12.8)(80) Substitute 12.3 for a and 80 for p. 
= 492 


‘The regular decagon has an area of 492 in.2, 


@ Got It? 2. a. What is the area of a regular pentagon with an 8-cm apothem and 
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11.6-cm sides? 
b. Reasoning Ifthe side of a regular polygon is reduced to half its length, 
how does the perimeter of the polygon change? Explain. 


@ dk» Using Special Triangles to Find Area 


Zoology A honeycomb is made up of regular hexagonal cells. The length of a side of 
acell is 3mm. What is the area of a cell? 


Know Need Plan 

You know the length of a The apothem Drawa diagram to help find the 
side, which you can use to ; © apothem. Then use the area formula 
find the perimeter. fora regular polygon. 


Step 1 Find the apothem. 


‘The radii form six 60° angles at the center, so you can use a 
30°-60°-90° triangle to find the apothem. 


a =135V3__longerleg = V3 - shorter leg 
Step2 Find the perimeter. 


p= ns Use the formula for the perimeter of an n-gon. 
= 6(3) Substitute 6 for n and 3 for 


= 18mm 
Step3 Find the area. 
A=hap Use the formula for the area of a regular polygon. 


" 


H(.5V3) (18) Substitute 1.5.V3 for a and 18 for p. 
~ 23.3826859 Use a calculator. 


‘The area is about 23 mm?, 


Got It? 3. he side of a regular hexagon is 16 ft. What is the area of the hexagon? 
Round your answer to the nearest square foot. 


i) Lesson Check 


Do you know HOW? Do you UNDERSTAND? 
What is the area of each regular polygon? Round your 5. Vocabulary What is the difference between a radius 
answer (o the nearest tenth, and an apothem? 
1. 2. 6. What is the relationship between the side length and 
oi the apothem in each figure? 
i= 3ft a. asquare 


b. a regular hexagon 
¢. an equilateral triangle 


3. 4. 7. Error Analysis Your friend says you can use special 
triangles to find the apothem of any regular polygon. 
é What is your friend’s error? Explain. 
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wy Practice and Problem-Solving Exercises 


Practice 
@ 


8) Apply 


Each regular polygon has radii and apothem as shown. Find the measure @ See Problem 1. 
of each numbered angle. 
8. 9. Fe 77] 10. 
4, 
* 
5\ 
3 p76 


Find the area of each regular polygon with the given apothem a and side 
length s. 


11. pentagon, a = 24.3cm, s = 35.3cm 12. 7-gon, a = 29.1 ft, s = 28 ft 
13. octagon, a = 60.4in., s = 50in. 14. nonagon, a = 27.5in., s = 20in. 
15. decagon, a = 19m, s = 12.3m 16. dodecagon, a = 26.1 cm, s = 14cm 


Find the area of each regular polygon, Round your answer to the nearest tenth, @ See Problem 3. 


Ck 6. 


20. Art You are painting a mural of colored equilateral triangles. The radius — i 
of each triangle is 12.7 in, What is the area of each triangle to the nearest 
square inch? 


Find the area of each regular polygon with the given radius or apothem. If your 5 
answer is not an integer, leave it in simplest radical form. 


21. 22. 
CNELN 
23. 24. 25. 
@) 6 A: 


Find the measures of the angles formed by (a) two consecutive radii and 
(b) a radius and a side of the given regular polygon. 


26. pentagon 27. octagon 28. nonagon 29. dodecagon 
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30. Satellites One of the smallest space satellites ever developed has the shape of a 
pyramid, Each of the four faces of the pyramid is an equilateral triangle with sides 
about 13 cm long, What is the area of one equilateral triangular face of the satellite? 
Round your answer to the nearest whole number. 


31. Think About a Plan ‘The gazebo in the photo is built in the shape 
ofa regular octagon. Each side is 8 ft long, and the enclosed A 
area is 310.4 ft?, What is the length of the apothem? 
* How can you draw a diagram to help you solve the problem? 
* How can you use the area of a regular polygon formula? 
32. A regular hexagon has perimeter 120 m, Find its area, 


3: 


o 


. The area of a regular polygon is 36 in.2, Find the length of a side if 
the polygon has the given number of sides. Round your answer to 
the nearest tenth. 

a.3 b.4 6 
d. Estimation Suppose the polygon is a pentagon. What would 
you expect the length of a side to be? Explain. 


34. A portion of a regular decagon has radii and an apothem drawn. Find the 
measure of each numbered angle. 


35. Writing Explain why the radius of a regular polygon is greater than the 
apothem. 


36. Constructions Use a compass to construct a circle. 
a. Construct two perpendicular diameters of the circle. 
b. Construct diameters that bisect each of the four right angles. 
¢. Connect the consecutive points where the diameters intersect the circle. What 
regular polygon have you constructed? 
d. Reasoning How can a circle help you construct a regular hexagon? 


Find the area of each regular polygon. Show your answers in simplest radical 
form and rounded to the nearest tenth. 


37. 38. 4cm 39. 


103 m 


40. To find the area of an equilateral triangle, you can use the 
formula A = 3bh or A = 5ap. A third way to find the area of 
an equilateral triangle is to use the formula A = $523. 
Verify the formula A = }s?\V3 in two ways as follows: 


a. Find the area of Figure 1 using the formula A = $bh. 5 


b. Find the area of Figure 2 using the formula A = ap. 


41. For Problem 1 on page 629, write a proof that the apothem 
Prost bisects the vertex angle of an isosceles triangle formed by two radii. 


PowerGeometry.com 


‘Areas of Regular Polygons 


Qoratiense 42, Prove that the bisectors of the angles of a regular polygon are concurrent and that 
they are, in fact, radii of the polygon. (Hint: For regular n-gon ABCDE. ..., let Pbe 
the intersection of the bisectors of ZABC and 2 BCD. Show that DP must be the 
bisector of 2 CDE.) 


43. Coordinate Geometry A regular octagon with center at the 
origin and radius 4 is graphed in the coordinate plane. 

a. Since V2 lies on the line y = x, its x- and y-coordinates are 
equal. Use the Distance Formula to find the coordinates of V, 
to the nearest tenth, 

b. Use the coordinates of V3 and the formula A = }bh to find 
the area of AV, OV, to the nearest tenth. 

¢. Use your answer to part (b) to find the area of the octagon to 
the nearest whole number, 


Standardized Test Prep 


SATIACT 44, Whatis the area of a regular pentagon with an apothem of 25.1 mm and perimeter 
= of 182mm? 
@ 913.6 mm? SD 2284.1 mm? © 3654.6 mm? D 4568.2 mm? 


45. What is the most precise name for a regular polygon with four right angles? 
® square @® parallelogram GD trapezoid D rectangle 


46. AABC has coordinates A(—2, 4), B(3, 1), and C(0, —2). Ifyou reflect AABC across 
the x-axis, what are the coordinates of the vertices of the image AA’B'C’? 


@®DA'2, 4), B(-3, 1), C'(0, -2) @ AA, ~2), B(1, 3), C(—-2, 0) 
@® A-2, -4), BB, -1), C(0, 2) DA'(4, 2), BU, -3), C(-2, 0) 
Short 47. An equilateral triangle on a coordinate grid has vertices at (0, 0) and (4, 0). What are 
eens the possible locations of the third vertex? 
Mixed Review 
48, What is the area of a kite with diagonals 8 m and 11.5 m? @ See Lesson 10-2. 


49. ‘The area of a trapezoid is 42 m2, The trapezoid has a height of 7 m and one base of 4 m. 
What is the length of the other base? 


Get Ready! To prepare for Lesson 10-4, do Exercises 50-52. @ See Lesson 1-8, 
Find the perimeter and area of each figure. 
50. 51. 52. 
4m 16cm 
Tin. 8m 8cm 
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Perimeters and Areas 
of Similar Figures 


Objective To find the perimeters and areas of similar polygons 


| Getting Ready! 


three different rectangles, each similar to the original rectangle. Label 
them I, II, and III. Use your drawings to complete a chart like this. 


(You know from 
previous lessons 
that if you 
double the length 
and width of a 
rectangle, its area 
is quadrupled. 


How do the ratios of perimeters and the ratios of areas compare with 
the scale factors? 


Dynamic Activity) 


ity’ 
Perimeters and In the Solve It, you compared the areas of similar figures. 
Areas of Similar 
Figures Essential Understanding You can use ratios to compare the perimeters and 


areas of similar figures. 


se Theorem 10-7 Perimeters and Areas of Similar Figures 


Ifthe scale factor of two similar figures is §, then 


(1) the ratio of their perimeters is $ and 


(2) the ratio of their areas is 


a | 


[Lesson 10-4 Perimeters and Areas of Similar Figures 


ri) 


ing Ratios in Similar Figures 


Problem 1 


‘The trapezoids at the right are similar. The ratio of the lengths of 6m 


Plan 6 2 
ide RTE corresponding sides is &, or 3. y N 
scale factor? 


8 whatis the ratio (smaller to larger) of the perimeters? 
Write the ratio of 


the lengths of wo ‘The ratio of the perimeters is the same as the ratio of corresponding 9m 
corresponding sides. sides, which is 3, 

@ whatis the ratio (smaller to larger) of the areas? 

‘The ratio of the areas is the square of the ratio of corresponding sides, 

2 
Got It? 1, Two similar polygons have corresponding sides in the ratio 5:7. 
a. What is the ratio (larger to smaller) of their perimeters? 
b. Whats the ratio (larger to smaller) of their areas? 
When you know the area of one of two similar polygons, you can use a proportion to 
find the area of the other polygon. 
@ ESE) Finding Areas Using Similar Figures 

Multiple Choice ‘The area of the smaller regular pentagon is about 

Think 27.5 cm?. What is the best approximation for the area of the larger 
I regular pentagon? 
Can you eliminate em 
any answer choices @® lcm? @ 69cm? @ 172 cm? WD 275cm? 44cm 10cm 
immediately? ‘ 
Neu Shore eedt Regular pentagons are similar because all angles measure 108 and all 
‘the smaller pentagon sides in each pentagon are congruent. Here the ratio of corresponding side lengths is #4, 
Repent or 2. The ratio of the areas is 35, or 4. 
that the area of the : seis 
larger pentagon must be = "25 Write a proportion using the ratio ofthe areas. 
gente hen 4A = 687.5 Cross Products Property 
A = $825 pivide each side by 4. 
A = 171.875 Simplify. 
‘The area of the larger pentagon is about 172 cm?. The correct answer is C. 


@ Got It? 2, The scale factor of two similar parallelograms is $, The area of the larger 
parallelogram is 96 in.?. What is the area of the smaller parallelogram? 
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LO) problem 3) Applying Area Ratios 


Think Agriculture During the summer, a group of high school students cultivated a plot of 
Do you need to know city land and harvested 13 bushels of vegetables that they donated to a food pantry. 
the shapes of the Next summer, the city will let them use a larger, similar plot of land. In the new plot, 
beplgee fay pre each dimension is 2.5 times the corresponding dimension of the original plot. How 
pein a many bushels can the students expect to harvest next year? 

poner! : ‘The ratio of the dimensions is 2.5 : 1. So, the ratio of the areas is (2.5)? : 1°, or 6.25: 1. 


With 6.25 times as much land next year, the students can expect to harvest 6.25(13), or 
about 81, bushels. 


Got It? 3. a. ‘The scale factor of the dimensions of two similar pieces of window 
glass is 3 : 5. The smaller piece costs $2.50. How much should the larger 
piece cost? 

b. Reasoning In Problem 3, whyis itimportant that each dimension is 
2.5 times the corresponding dimension of the original plot? Explain. 


When you know the ratio of the areas of two similar figures, you can work backward to 
find the ratio of their perimeters. 


g ETIGNID Finding Perimeter Ratios 


‘The triangles at the right are similar. What is the scale 

factor? What is the ratio of their perimeters? 
sx Ma 
The areas of the two similar 
triangles 


Area = 50cm? Area = 98 cm? 


Need Plan 
The scale factor as rhe a repent usb iene et Pe ames 
2 
= Sg Use a?: 6? forthe rato ofthe areas. 
2 2 alt 
ra = 3 Simplify. 
= 3 Take the positive square root of each side. 


‘The ratio of the perimeters equals the scale factor 5 :7. 


i) Got It? 4, The areas of two similar rectangles are 1875 ft? and 135 ft2, What is the ratio 
of their perimeters? 


sters and Areas of Si 


i) Lesson Check 


Do you know HOW? 


‘The figures in each pair are similar. What is the ratio of 
the perimeters and the ratio of the areas? 


1. 6am 2. 
4m 


Tin. Qin. 


3. In Exercise 2, if the area of the smaller triangle is 
about 39 ft, what is the area of the larger triangle to 
the nearest tenth? 


4, The areas of two similar rhombuses are 48 m? and 
128 m?, What is the ratio of their perimeters? 


Do you UNDERSTAND? 


5. Reasoning How does the ratio of the areas of 
two similar figures compare to the ratio of their 
perimeters? Explain, 


. Reasoning ‘The area of one rectangle is twice the area 
of another, What is the ratio of their perimeters? How 
do you know? 


~“ 


. Error Analysis Your friend says that since the ratio 
of the perimeters of two polygons is 3, the area of 
the smaller polygon must be one half the area of the 
larger polygon. What is wrong with this statement? 
Explain. 


8. Compare and Contrast Howis the relationship 
between the areas of two congruent figures different 
from the relationship between the areas of two 
similar figures? 


@ Practice and Problem-Solving Exercises 


; ie 


Zin. 4in. 
‘ ES 
14cm 21cm 


‘The figures in each pair are similar. ‘The area of one figure is given. Find the area 


ractice The figures in each pair are similar, Compare the first figure to the second. 
Give the ratio of the perimeters and the ratio of the areas. 


@ See Problem 1. 


12. 


15 in, 25 in. 


@ See Problem 2. 


of the other figure to the nearest whole number. 


Bin. 6in. 


Area of smaller parallelogram = 6 in.” 
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. yp N 
12m 18m 


Area of larger trapezoid = 121 m? 


© 


Apply 


15. 16. 
A XG @ 
3m 


Area of larger triangle = 105 f Tim 
Area of smaller hexagon = 23 m? 


17. Remodeling ‘The scale factor of the dimensions of two similar wood floors @ See Problem 3. 
is 4: 3, IL costs $216 to refinish the smaller wood floor, At that rate, how much 
would it cost to refinish the larger wood floor? 


18. Decorating An embroidered placemat costs $3.95. An embroidered tablecloth is 
similar to the placemat, but four times as long and four times as wide. How much 
would you expect to pay for the tablecloth? 
Find the scale factor and the ratio of perimeters for each pair of similar figures.  @ See Problem 4. 
19. two regular octagons with areas 4 ft? and 16 ft? 
20. two triangles with areas 75 m? and 12 m? 


21. two trapezoids with areas 49 cm? and 9 cm* 


22. two parallelograms with areas 18 in.” and 3: 
ind V3 ft 


23. two equilateral triangles with areas 163 


24. two circles with areas 27 cm? and 2007 cm? 


‘The scale factor of two similar polygons is given. Find the ratio of their 
perimeters and the ratio of their areas. 


25.351 26.235 27. 28.3 29.651 
30. ‘The area of a regular decagon is 50 cm?, What is the area of a regular decagon with 
sides four times the sides of the smaller decagon? 


@® 200 cm? &® 500 cm? @® 800 cm? BD 2000 cm? 


31. Error Analysis A reporter used the graphic below to show that the number of 
houses with more than owo televisions had doubled in the past few years, Explain 
why this graphic is misleading. 


Then Now 


[Lesson 10-4 Perimeters and Areas of Similar Figures 


32. Think About a Plan Two similar rectangles have areas 27 in.” and 48 in.?. The 
length of one side of the larger rectangle is 16 in. What are the dimensions of 
both rectangles? 
© How does the ratio of the similar rectangles compare to their scale factor? 

* How can you use the dimensions of the larger rectangle to find the dimensions 
of the smaller rectangle? 


33. ‘The longer sides of a parallelogram are 5 m. ‘The longer sides of a similar 


parallelogram are 15 m. ‘The area of the smaller parallelogram is 28 m2. What is the 
area of the larger parallelogram? 


Algebra Find the values of x and y when the smaller triangle shown here has 


the given area. 
34, 3cm? 35. 6cm? 36. 12cm? ~~ => 
12cm 


37. 16 cm? 38. 24cm? 39. 48. cm? 


40. Medicine For some medical imaging, the scale of the image is 3 : 1. That means 
that if an image is 3 cm long, the corresponding length on the person's body is 1 cm. 
Find the actual area of a lesion if its image has area 2.7 cm?. 


41. In ARST, RS = 20m, ST = 25m, and RT = 40m. 
a. Open-Ended Choose a convenient scale. Then use a ruler and compass to draw 
AR'S'T' ~ ARST. 
b. Constructions Construct an altitude of AR'S'T’ and measure its length. Find 
the area of AR’S'T’, 
¢. Estimation Estimate the area of ARST. 


Compare the blue figure to the red figure. Find the ratios of (a) their perimeters 
and (b) their areas. 


: "& fe N 


45. a Find the area of a regular hexagon with sides 2. cm long, Leave 
your answer in simplest radical form. 
b. Use your answer to part (a) and Theorem 10-7 to find the areas of @ 
the regular hexagons shown at the right. 


6am 3am 
46. Writing ‘The enrollment at an elementary school is going to increase 

from 200 students to 395 students. A parents’ group is planning to increase 

the 100 fi-by-200 ft playground area to a larger area that is 200 ft by 400 ft. What 

would you (ell the parents’ group when they ask your opinion about whether the 

new playground will be large enough? 
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Challenge 


@ 


Standardized Test Prep 


SATIACT 
Se 


47. a. Surveying A surveyor measured one side and two angles of a 
field, as shown in the diagram. Use a ruler and a protractor to 
draw a similar triangle. 
b. Measure the sides and altitude of your triangle and find its 
perimeter and area. 
¢. Estimation Estimate the perimeter and area of the field. 200 yd 


Reasoning Complete each statement with always, sometimes, or 
never. Justify your answers. 


48. Two similar rectangles with the same perimeter are _?_ congruent. 
49. ‘Iwo rectangles with the same area are _?_ similar. 
50. Two rectangles with the same area and different perimeters are _?_ similar. 


51. Similar figures _?_ have the same area. 


DDED RESPONSE 


52. Two regular hexagons have sides in the ratio 3:5. The area of the smaller hexagon 
is 81 m2. In square meters, whatis the area of the larger hexagon? 


53. What is the value of x in the diagram at the right? 


54. A trapezoid has base lengths of 9 in. and 4 in. and a height of 3 in. a 26 
What is the area of the trapezoid in square inches? 


55. In quadrilateral ABCD, mZA = 62, mZB = 101, and mZC = 42, 
What is mZ.D? 


Mixed Review 


Find the area of each regular polygon. @ See Lesson 10-3. 
56. a square with a 57. apentagon with apothem —_58. an octagon with apothem 12 
5-em radius 13.8 and side length 20 and side length 10 


59. An angle bisector divides the opposite side of a triangle into segments 4 cm @ See Lesson 7-5. 
and 6 cm long. A second side of the triangle is 8 cm long, What are all possible 
lengths for the third side of the uiangle? 


Get Ready! To prepare for Lesson 10-5, do Exercises 60-62. 


Find the area of each regular polygon. a @ See Lesson 10-3. 


60. 61. 62. 
42 in. 8ft 


eters and Areas of Si 


id-Chapter 


— 


MathXt' for School 
BE Go to PowerGeometry.com 


Do you know HOW? 
Find the area of each figure. 


3. 


6m 6m 
5. What is the area of a parallelogram with a base of, 
17 in, and a corresponding height of 12 in.? 


6. If the base ofa triangle is 10 cm, and its area is. 
35 cm?, what is the height of the triangle? 


7. The area of a parallelogram is 36 in.’, and its height is 
3 in, How long is the corresponding base? 


8. An equilateral triangle has a perimeter of 60 m and a 
height of 17.3 m, Whatis its area? 


Find the area of each figure. 
9. (in. 10. 
12 m. om 
18 in. 
41. 4cm 12. St 


13. The area of a trapezoid is 100 ft2, The sum of its two 
bases is 25 ft. What is the height of the trapezoid? 


Find the area of each regular polygon, Round your 
answer to the nearest tenth. 


14. 15. 
O: in. 


16. A regular octagon has sides 15 cm long. The apothem 
is 18.5 cm long. What is the area of the octagon? 


17. The radius of a regular hexagon is 5 ft. What is the 

area of the hexagon to the nearest square foot? 
‘he scale factor of AABC to ADEF is 3:5. Fillin the 
missing information, 


18. ‘The perimeter of AABC is 36 in. 
‘The perimeter of ADEF is _?_. 


19. The area of AABC is _? 
‘The area of A DEF is 125 i 


20. The areas of two similar triangles are 1.44 and 1.00, 
Find their scale factor. 


21. ‘The ratio of the perimeters of two similar triangles is 


1:3, The area of the larger triangle is 27 2. What is 
the area of the smaller triangle? 


Do you UNDERSTAND? 


22. Open-Ended Draw a rhombus. Measure the lengths 
of the diagonals, What is the area? 


23. Writing Describe two A 8 
different methods for finding 
the area of regular hexagon 
ABCDEF. What isthe area? F 


24. Reasoning Suppose the 
diagonals of a kite are F 
doubled. How does this 
affect its area? Explain. 


Trigonometry and Area 


Objective | To find areas of regular polygons and triangles using trigonometry 


The pennant at the right is in the shape of an 


isosceles triangle. The measure of the vertex 
angle is 20. What is the area of the pennant? 
learned to find How do you know? 
the height of the 
triangle. 


In this lesson you will use isosceles triangles and trigonometry to find the area ofa 


regular polygon. 


Essential Understanding You can use trigonometry to find the area of a regular 
polygon when you know the length of a side, radius, or apothem. 


GES GED Finding Area 


What is the area of a regular nonagon with 10-cm sides? 
Whats the apothem . igs aid 
in the diagram? Draw a regular nonagon with center C. Draw CP and CR to form 
The apothem is the isosceles A PCR. The measure of central 2 PCR is *8%, or 40. 
beseprs tom ‘The perimeteris 9 + 10, or 90 cm. Draw the apothem CS. 
triangle. The apothem P i daca! = : 
bisects the central mZPCS = gmZPCR = 20and PS = PR = 5cm. 
le and the side of 
eae Let a represent CS, Find a and substitute into the area formula, 
tan 20° = 3 Use the tangent ratio. 
5 PS R 
a= 7 Solvetora, 
A= 3 = 
= a 5 
= 3+ ay 1 90 Substitute 35 for a and 90 for p. 
= 618.1824194 Use a calculator. PSs 
‘The area of the regular nonagon is about 618 cm?. 


Got It? 1, What is the area of a regular pentagon with 4-in. sides? Round your 
answer to the nearest square inch. 
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Finding Area RTDDED RESPONSE 


Road Signs A stop sign is a regular octagon. The 
standard size has a 16.2-in. radius. What is the area 
of the stop sign to the nearest square inch? 


Know 
The radius and the number of 
sides of the octagon 


Need Plan 
The and the f Use trig tios to find the and the 
prraeeiimreg 


Step 1 Let arepresent the apothem. Use the cosine ratio to find a. 
‘The measure of a central angle of the octagon is “8, or 45, 
So mZC = 3(45) = 225. 

cos 22.5° = TE _ Use the cosine ratio. 

0 22.5°) = a Multiply each side by 16.2. 


Step2 Let .xrepresent AD. Use the sine ratio to find x. 


sin 22.5° = 75-5 Use the sine ratio. 


16.2(sin 22.5°) = x Multiply each side by 16.2. 


Step 3 Find the perimeter of the octagon. 
p = 8- length ofaside 


=8-2r The length of each side is 2x. 
= 8- 2+ 16.2(sin 225°) Substitute for x. 
= 259,2(sin 22.5° Simplify. 


Step 4 Substitute into the area formula. 
1 
A= ap 


= $+ 16.2(cos 22.5") + 259.2(sin 2: 


) Substitute for a and p. 
~ 742,2924146 Use a calculator. 


‘The area of the stop sign is about 742 in.2, 


@ Got It? 2, a. Atabletop has the shape of a regular decagon with a radius of 9.5 in. 
What is the area of the tabletop to the nearest square inch? 
b. Reasoning Suppose the radius of a regular polygon is doubled. 
How does the area of the polygon change? Explain. 
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Essential Understanding You can use trigonometry to find the area of a 
triangle when you know the length of two sides and the included angle, 


Suppose you want to find the area of AABC, but you know only 


m2 A and the length b and c. To use the formula A = 4h, you 
need to know the height. You can find the height by using the 
sine ratio. 


A. —— 
sina = 4 Use the sine ratio, 


h = c(sin A) Solve for h, 


Now substitute for / in the formula Area = 


Area = he(sin A) 


‘This completes the proof of the following theorem for the case in which ZA is acute. 


‘The area of a triangle is half the product of the lengths of 8 
two sides and the sine of the included angle. 


Area of AABC = }be(sin A) 


Plan Finding Area 


Which formula should ‘What is the area of the triangle? 
‘you use? ; 12cm 
‘The diagram gives the Area = } + side length « side length « sine of included angle 


and the measure of the = }-12+ 21 sin 48° Substitute. Dem 
included angle. Use the a 

Honnlls forthe ereatctet 93.63624801 Use a calculator. 

triangle given SAS. ‘The area of the triangle is about 94 cm?, 


Got It? 3. Whatis the area of the triangle? Round your answer 
to the nearest square inch. 


10 in. 


16 in, 
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7) Lesson Check 


Do you know HOW? Do you UNDERSTAND? 
What is the area of each regular polygon? Round your 4, Reasoning A diagonal through the center of a regular 
answers to the nearest tenth. hexagon is 12 cm long. Is it possible to find the area of 


this hexagon? Explain. 


1. 2. 6 cm 
5. Error Analysis Your classmate needs to find the area 
ofa regular pentagon with 8-cm sides. To find the 
apothem, he sets up and solves a trigonometric ratio. 
What error did he make? Explain. 


3. What is the area of the 
triangle at the right to the 
nearest square inch? 


@ Practice and Problem-Solving Exercises 


Practice _ Find the area of each regular polygon. Round your answers to the @ See Problems 1 and 2. 
nearest tenth, 
6. octagon with side length 6 cm 7. decagon with side length 4 yd 
8. pentagon with radius 3 ft 9. nonagon with radius 7 in, 
10. dodecagon with radius 20cm 11. 20-gon with radius 2mm 
12. 18-gon with perimeter 72 mm 13. 15-gon with perimeter 180 cm 
Find the area of each triangle, Round your answers to the nearest tenth. @ See Problem 3. 


14, 15. 1aft 16, 104m 
im — 
6m t 
226 m 
17. > 34km . 
39km 


24mm apf 
(B) Apply 20. PORSTis a regular pentagon with center O and radius 10 in, - A 
= Find each measure. If necessary, round your answers to the 
nearest tenth, x 
a. mZPOQ b. mZPOX ; Q 
©. OX d. PQ 
e. perimeter of PQRST f. area of PQRST R 
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21. Writing Describe three ways to find the area of a regular hexagon if you know only 
the length ofa side. 


22. Think About a Plan ‘The surveyed lengths of two adjacent sides of a triangular plot 
of land are 80 yd and 150 yd. The angle between the sides is 67°. What is the area of 
the parcel of land to the nearest square yard? 
© Can you draw a diagram to represent the situation? 

* Which formula for the area ofa triangle should you use? 
Find the perimeter and area of each regular polygon to the nearest tenth. 


23. 24. 25. 26. 


27. Architecture ‘The Pentagon in Arlington, Virginia, is one of the world’s largest office 
buildings. Itis a regular pentagon, and the length of each of its sides is 921 ft. What 
is the area of land that the Pentagon covers to the nearest thousand square feet? 


28, What is the area of the triangle shown at the right? 


29. The central angle of a regular polygon is 10°. The perimeter of the polygon is 
108 cm. What is the area of the polygon? 


30. Replacement glass for energy-efficient windows costs $5/ft2, About how much will 
you pay for replacement glass for a regular hexagonal window with a radius of 2 ft? 


@®D $10.39 @® $27.78 @D $45.98 @D $51.96 
Regular polygons A and B are similar. Compare their areas. 
31. ‘The apothem of Pentagon A equals the radius of Pentagon B. 
32. the length ofa side of Hexagon A equals the radius of Hexagon B. 
33. The radius of Octagon A equals the apothem of Octagon B. 
34. ‘The perimeter of Decagon A equals the length of a side of Decagon B. 


‘The polygons are regular polygons. Find the area of the shaded region. 
35. 36. 37. 


ecm 
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@ chattenge 


( 


38. Surveying A surveyor wants to mark off a triangular parcel with an area of 1 acre 
(acre = 43,560 ft”). One side of the triangle extends 300 ft along a straight road. 
A second side extends at an angle of 65° from one end of the first side, What is the 
length of the second side to the nearest foot? 


39. Segments are drawn between the midpoints of consecutive sides of a regular 
pentagon to form another regular pentagon. Find, to the nearest hundredth, the 
ratio of the area of the smaller pentagon to the area of the larger pentagon. 


Standardized Test Prep (ERITDDED RESPONSE 


SATIACT 
Nor 


40. A regular polygon has a perimeter of 54 m and an apothem of 33 m. Whatis the 
area of the polygon to the nearest tenth of a square meter? 


41, The legs of a right triangle have lengths of 8 in. and 15 in. What is the length of the 
hypotenuse in inches? 


42. APEN = ALIV.1f mZP = 36 and mZN = 82,what is mZI? 


43. ‘the perimeter of a parallelogram is 23.6 ft. If its length and width are doubled, what 
is the perimeter of the parallelogram in feet? 


44. ‘The altitude to the hypotenuse of a right triangle divides the hypotenuse into 
segments of lengths 8 and 10, What is the length of the shorter leg of the triangle? 


Mixed Review 


45. Two regular octagons are shown, Qin. @ See Lesson 10-4, 
a. What is the scale factor of the smaller Gin 
octagon to the larger octagon? 
b. The area of the larger octagon is 
391.1 in.?, What is the area of the 
smaller octagon to the nearest tenth 
ofa square inch? 


Por Exercises 46-49, use vectors a and ¢ at the right. @ See Lesson 8-5. 


46. What is the sum of 4 and é as an ordered pair? 


47. Describe a vector d such that 4 + d = é. 


48. Describe a vector é such thaté + é 


49. Which two vectors have ¢ as their sum? 
(-2,-2) (2,4) (4, -2) 


Get Ready! To prepare for Lesson 10-6, do Exer 
Find the diameter or radius of each circle. @ See Lesson 1-8. 
50. r=7cm,d= & 51.d=Sin,r= © 52. r= 1.6m,d= 
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Circles and Arcs 


Objectives To find the measures of central angles and arcs 
‘To find the circumference and arc length 


The bicycle wheel shown at the right travels 63 in 
in one complete rotation. If the wheel rotates only 
120° about the center, how far does it travel? Justify 


your reasoning. 
Whoa—that wheel 


has to complete 
over a thousand 
rotations to go 


Ina plane, a circle is the set of all points equidistant from a given point called the 
center. You name a circle by its center, Circle P (OP) is shown below. 


A diameter is a segment that contains the center of a circle and has both endpoints 


Stal on the circle. A radius is a segment that has one endpoint at the center and the other 
sradhee endpoint on the circle. Congruent circles have congruent radii. A central angle is an 
* congruent circles angle whose vertex is the center of the circle. 

* central angle ATE 

+ semicircle Pis the center of | 

* minor are the circle. 

+ major arc 

* adjacent arcs 

+ circumference - — en 

*pi LARC is acentral » PCis a radius. 

* concentric circles angle. ——<— 

* arc length \ 


= congruent arcs 
A Essential Understanding You can find the length of part ofa circle’s 
circumference by relating it to an angle in the circle. 


An arcis a part of a circle. One type of arc, a semicirele, is half of a circle. A minor arc is 
smaller than a semicircle. A major arc is larger than a semicircle. You name a minor arc 
by its endpoints and a major arc or a semicircle by its endpoints and another point on 
thearc, 


STRisa 
Ea). FS isa minor ar. | 
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Plan netog ave 


How can you identify ®whatare the minor arcs of OO? 
weriesees ‘The minor arcs are AD, CE, AC, and DE. 
Since a minor are A c 
‘contains all the points in ®whatare the semicircles of ©O? (> |) 
pahaetetib ttl ‘The semicircles are ACE, CED, EDA, and DAC. D ae fa 
te cena ‘angles in the Q What are the major arcs of ©O that contain point A? 

iagram. 


‘The major arcs that contain point A are ACD, CEA, EDC, and DAE. 


Got It? 1. a. Whatare the minor arcs of QA? Pp 
b. What are the semicircles of OA? 


¢. What are the major arcs of @A that contain point Q? Cri 


Arc Measure Example 
‘The measure of a minor arc is equal mRT_= mZRST = 50 
to the measure of its corresponding R  mTQR = 360 ~ maT 


central angle. <4 = 310 
‘The measure ofa major arc is the T 


measure of the related minor are Q 
subtracted from 360. 


‘The measure of a semicircle is 180. 


Adjacent arcs are arcs of the same circle that have exactly one point in common, 
You can add the measures of adjacent arcs just as you can add the measures of 
adjacent angles. 


‘The measure of the arc formed by two adjacent ares is the sum 


of the measures of the two arcs. 
mABC = mAB + mBC 
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SEE) Finding the Measures of Arcs 
Think What is the measure of each arc in QO? eC. 
How can you find = oe 2 
mio? QOxc mBC = mzBOC = 32 8 Q/ 
“BD is formed bp ———— 
aieetare Gap mBD = mBC + mCD 
and CD. Use the Arc mBD = 32 + 58 = 90 
Addition Post — mas 
ihicsicene G@asc ABC isa semicircle. 
mABC = 180 
Oar mAB = 180 — 32 = 148 


@ Got If? 2, Whatis the measure of each arc in OC? 
a. mPR 
b. mks. 
c. mPRQ” 
d. mPQR Cory 


‘the circumference of a circle is the distance around the circle. The number pi (7) is the 
ratio of the circumference of a circle to its diameter, 


‘The circumference of a circle is 7 times the diameter. 


C = xd orC = 2ar 


‘The number 7 is irrational, so you cannot write itas a terminating or 
repeating decimal, To approximate z, you can use 3.14, , or the @ key on 
your calculator. 


Coplanar circles that have the same center are 


Concentric circles 
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ing a Distance 


Plan 

ae youneedto Film A 2-ft-wide circular track for a camera dolly is set up for a movie scene. The 
Neaiced wile two rails of the track form concentric circles. ‘The radius of the inner circle is 8 ft. 
dkctarca weds ihe How much farther does a wheel on the outer rail travel than a wheel on the inner 


rail of the track in one turn? 


Outer edge 


Inner edge 


circumference ofinner circle = 2r se the formula for the 
circumference of a circle, 


= 2n(8) Substitute 8 for r. 
= 162 Simplify 
‘The radius of the outer circle is the radius of the inner circle plus the width of the track. 


radius of the outer circle = 8 + 2 = 10 
circumference of outer circle = 2ar _USe the formula for the 
circumference of a circle. 
= 2n(10) Substitute 10 for r. 
= 207 Simplify. 
‘The difference in the two distances traveled is 207 — 167, or 4 ft. 
56637061 Use a calculator. 


4a = 
A wheel on the outer edge of the track travels about 13 ft farther than a wheel on the 
inner edge of the track. 


@ Got It? 3. a. Acarhas a circular tuning radius of 16.1 ft. The 
distance between the two front tires is 4.7 ft. How 
much farther does a tire on the outside of the turn 
travel than a tire on the inside? 

b. Reasoning Suppose the radius of @A is equal 
to the diameter of ©B. What is the ratio of the 
circumference of OA to the circumference of 


©B? Explain. 
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‘The measure of an arc is in degrees while the are length is a fraction of a circle's 
circumference. An arc of 60° represents #4 or { of the circle. Its arc length is j the 
circumference of the circle. This observation suggests the following theorem. 


‘The length of an arc of a circle is the product of the ratio 


cat and the circumference of the circle. <) 
length of AB = "4B. opr 


dE 
= "360 74 


deo Finding Arc Length 


What is the length of each arc shown in red? Leave your answer in terms of x. 


LA] x O x 
a SS 


length of 57 =. gq Useaformula length of KPY = 


360 for arc length. 
= 2. 2(16) Substitute. = FR + 2m(15) 
= rin. Simplify. = 207em 


@ Got It? 4, Whatis the length of a semicircle with radius 1.3 m? Leave your answer in 
terms of z. 


Icis possible for two arcs of different circles to have the same measure but different 
lengths. It is also possible for two arcs of different circles to have the same length but 
different measures. Congruent arcs are arcs that have the same measure and are in 
the same circle or in congruent circles, 


x R 
60" 60° 
¥ s 
OP 


20= 


3) Q 
10) 


5) 
w 
> 
z 


;) 


“PowerGeometry.com, 
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7) Lesson Check 


Do you know HOW? 


Use OP at the right to answer each A 
question, For Exercises 5 and 6, leave 
your answers in terms of x. 


1, What is the name ofa minor arc? KAI 
2. What is the name of a major arc? 6D 
3. What is the name ofa semicircle? 

4, What is mAB? 

5, What is the circumference of OP? 


6 Whatis the length of BD? 


Practice Name the following in ©O. 


9. the minor arcs 
10. the major ares 


11. the semicircles 


Find the measure of each arc in OP. 


Do you UNDERSTAND? 


7. Vocabulary What is the difference between the 
measure of an arc and arc length? Explain, 


8, Error Analysis Your class must find the B aye 
length of AB. A classmate submits the 
following solution, What is the error? A c 
|-4m—| 
F @ See Problem 1. 


@ See Problem 2. 


12. TC 


13, TBD 


16. CD 
19. DB 


22. BC 


Find the circumference of each circle. Leave your answer in terms of . 


: ©) 


28. The camera dolly track in Problem 3 can be expanded so that the diameter of the 
outer circle is 70 ft. How much farther will a wheel on the outer rail travel during 
one turn around the track than a wheel on the inner rail? 
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29. The wheel of a compact car has a 25-in, diameter, The wheel of a pickup truck has 
a31-in, diameter. To the nearest inch, how much farther does the pickup truck 
Wheel travel in one revolution than the compact car wheel? 


Find the length of each arc shown in red. Leave your answer in terms of x. @ See Problem 4. 


30. 31. 32. 
60° = 
18m 
33. 34. 
30 23m 


© prety 36. Think About a Plan Nina designed a semicircular arch 
4 made of wrought iron for the top of a mall entrance, The 
nine segments between the two concentric semicircles 
are each 3 ftlong. What is the total length of wrought iron 
used to make this structure? Round your answer to the 
nearest foot. 
© What do you know from the diagram? 
© What formula should you use to find the amount of 
wrought iron used in the semicircular arches? 


35. 


Find each indicated measure for OO. 


37. mZEOF 38, mEJH 39. mH 
40. m2 FOG 41, mJEG 42, mHF] 


43. Pets A hamster wheel has a 7-in. diameter, How many feet will a 
hamster travel in 100 revolutions of the wheel? 


44. Traffic Five streets come together at a traffic circle, as shown at the 
right. The diameter of the circle traveled by a car is 200 ft. If traffic 
travels counterclockwise, what is the approximate distance from 
East St. to Neponset St.? 


D227 ft D@ 454 ft 
D@® 244 ft SD 488 ft 


45. Writing Describe two ways to find the arc length ofa major arc if you 
are given the measure of the corresponding minor arc and the radius 
of the circle. 
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46. Time Hands of a clock suggest an angle whose measure is continually changing. 
How many degrees does a minute hand move through during each time interval? 


a.1min b. 5 min ¢. 20min 


Algebra Find the value of each variable. 
47. 48. 


Key R (3x + 20) 


(2x 4 60) () 


49. Landscape Design A landscape architect is constructing a 
curved path through a rectangular yard, The curved path 
consists of two 90° arcs. He plans to edge the two sides of the 
path with plastic edging, What is the total length of plastic 
edging he will need? Round your answer to the nearest meter. 


50. Reasoning Suppose the radius of a circle is doubled, How does 
this affect the circumference of the circle? Explain, 


51. A 60° arc of QA has the same length as a 45° arc of ©B, Whatis 
the ratio of the radius of @A to the radius of OB? 


Find the length of each arc shown in red. Leave your answer in terms of x. 


52. (D 53. 50° 54. 
FF 72 in. rem 
| 


|_ ~ 


55. Coordinate Geometry Find the length of a semicircle with endpoints (1, 3) and 
(4,7). Round your answer (o the nearest tenth, 


56. In 0, the length of AB is 67 cm and mAB is 120. Whatis the diameter of ©O? 


Q@chaitenge 57. the diagram below shows two 58, Given: OP with AB || PC 
= concentric circles. AR = Ri Prove: mBC = mCD 


Show that the length of ST is 5 
U\7\ 
er, 


equal to the length of QR. 
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59. Sports An athletic field is a 100 yd-by-40 yd 
rectangle, with a semicircle at each of the short 
sides. A running track 10 yd wide surrounds the 
field. If the track is divided into eight lanes of 
equal width, what is the distance around the tack 
along the inside edge of each lane? 


Standardized Test Prep 


satiacr 60, ‘Ihe radius of a circle is 12 cm, What is the length of a 60° arc? 
@D3rcm Dircm @O5rcm WD trem 
61. What is the image of P for a 135° clockwise rotation about the center £6 
of the regular octagon? w, R 
@®s Du 
@r Dr v 5 
uot 
62. Which of the following are the sides of a right triangle? 
DSB, 12 BB, 15,17 @D3, 11,23 D5, 12,15 
Extended 63. Quadrilateral ABCD has vertices A(1, 1), B(4, 1), C(4, 6), and D(1, 6). Quadrilateral 
— STV has vertices K(—3, 4), S(—3, —2), 1(—13 —2), and V(—13, 4). Show that 
ABCD and RSTV are similar rectangles. 
Mixed Review 
Part of a regular dodecagon is shown at the right, 4 @ See Lesson 10-5. 
64. What is the measure of each numbered angle? 
65. The radius is 19.3 mm, What is the apothem? iG 
66. Whatis the perimeter and area of the i 
dodecagon to the nearest millimeter or 
square millimeter? 0 
Can you conclude that the figure is a parallelogram? Explain, @ See Lesson 6-3. 
Get Ready! To prepare for Lesson 10-7, do Exercises 70 and 71. @ See Lesson 10-6. 


70. What is the circumference of a circle with diameter 17 in.? 


71. Whatis the length of a 90° arc in a circle with radius 6 cm? 
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oncept B 


Use With Lesson 10-6 


Circle graphs show data as percents or fractions of a whole. The total of the data must 
be 100% or 1. The measure of the central angle for a particular category of the data is 
proportional to the percent or fraction of the total that the category represents. The 
measures of the central angles in a circle graph have a total of 360. To find a central 
angle for a category of data, you multiply the percent or fraction that the category 
represents by 360. 


‘The circle graph at the right shows the results of a time study in which participants 
recorded how they spent their time over a.24-h period. 


1. Whats the measure of the central angle that represents the time spent on 
each activity? Round to the nearest tenth where necessary. 
a. Sleep b. Food . Work Food 
d. Errands e. Entertainment f. Other 


‘To make a circle graph, use a compass to make the circle and use a protractor to 
measure the central angles. 


activity 2 


‘The physical education department asked students which of three sports was Sport | First Choice 
their first choice to include in the spring physical education classes. ‘he table aT 
at the right shows the results of the survey. 


2. Fora circle graph, what is the measure of the central angle for each sport? 
3. Use the data to draw and label a circle graph. 


ivity 3 


‘Asstore that sells music CDs keeps track of their weekly sales for inventory sales 
purposes. The table at the right shows the sales for the first week in March. Music Genre | (dollars) 


4, What percent of the total is each type of music? 


5. Fora circle graph of the data, what is the measure of the central angle for 
each type of music? 


6, Use the data to draw and label a circle graph. 


Concept Byte Circle Graphs 


Concept Byte 


Use With Lesson 10-7 


You can use transformations to find the formula for the area of a circle. 
Step 1 Use a compass to draw a large circle. Fold the circle 
horizontally and then vertically. Cut the circle into four 


wedges on the fold lines. 


Step 2 Fold each wedge into quarters. Cut each wedge on the 
fold lines. You will have 16 wedges. 


Step 3 ‘Tape the wedges to a piece of paper to form the figure 
shown at the right. The figure resembles a parallelogram. 


———y 
1, How does the area of the parallelogram compare with the area of the circle? 


2. ‘The base of the parallelogram is formed by arcs of the circle. Explain how the 
length b relates to the circumference C of the circle, 


3. Explain how the length b relates to the radius r of the circle. 


4, Write an expression for the area of the parallelogram in terms of r to write a 
formula for the area of a circle. 


Exercises 


Repeat Steps 1 and 2 from the activity. Tape the wedges to a piece of paper to form 
another figure that resembles a parallelogram, as shown at the right. 


5. What are the base and height of the figure in terms of r? 


6. Write an expression for the area of the figure to write a formula for the area of 
circle. Is this expression the same as the one you wrote in the activity? 
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A regular polygon 
has a radius and so 


does a circle, 


anaes, 
* sector of a circle 


* segment of a 
circle 
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Areas of Circles and 
Sectors 


jectin ‘To find the areas of circles, sectors, and ents of circles 
segmi 


Each of the regular polygons in the table has radius 1. Use a calculator 
to complete the table for the perimeter and area of each polygon. 
out the first five decimal places. 


Asin 9") 


50 | sin 3.69) cos 3.6" 


100 sin 1.8°) cos 1.8° 


1000-gon | 1000 Sens cos 0.18° 


Look at the results in your table. Notice the perimeter and area of an 


n-gon as n gets very large. Now consider a circle with radius 1. What 
are the circumference and area of the circle? Explain your reasoning 


In the Solve It, you explored the area of a circle, 


Essential Understanding You can find the area of a circle when you know its 
radius. You can use the area ofa circle to find the area of part of a circle formed by two 
radii and the arc the radii form when they intersect with the circle. 


‘The area of a circle is the product of = and the square of the radius. 


A=xP 


@ EEELIGEMD Finding the Area of a Circle 


Sports What is the area of the circular region 


Think on the wrestling mat? 
What do you need in 
conden taleen thelaraa Since the diameter of the region is 32 ft, the radius 
formula? or 16 ft. 
You need the radius. : 
area eae A= ne Use the area formula. 
‘you can find the radius = m(16)? Substitute 16 for r. 
by dividing the diameter oe) 
by2. = 2560 Simplify. 
= 804.2477193 Use a calculator. 
‘The area of the wrestling region is about 804 ft2. 
Got It? 1. a. Whatis the area of a circular wrestling region with a 42-ft diameter? 
b. Reasoning If the radius of a circle is halved, how does its 
area change? Explain. 
A sector of a circle is a region bounded by an arc of the circle and the two 
radii to the arc’s endpoints. You name a sector using one arc endpoint, the 
center of the circle, and the other arc endpoint, 
‘the area of a sector is a fractional part of the area of a circle, The area of a 
sector formed by a 60° arc is 3gp, OF j, of the area of the circle. Sector RPS 
‘The area of a sector of a circle is the product of the ratio A 
measurcof the ate and the area of the circle. 
—|8 
Area of sector AOB = 
PEETEE?) Finding the Area of a Sector of a Circle 
: What is the area of sector GPH? Leave your answer in terms of x. 
Think _ 
What fraction of a area of sector GPH = 
circle’s area is the = 
area of a sector + m(15)® Substitute 72 for mGH and 15 for r yx 
formed by a 72° arc? ae 
Teewaes = 450 simplify. es 
feel 72° arcis ‘the area of sector GPH is 45 cm?. 
For §, ofthe area of 
the circle. 


Got It? 2. A circle has a radius of 4 in. What is the area of a sector bounded by 
45° minor arc? Leave your answer in terms of 2. 
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A part ofa circle bounded d the segment joining its 
part ofa circle bounded by an arc and the segment joining i Segment 
endpoints is a segment of a circle. ofa 


circle 


To find the area of a segment for a minor arc, draw radii to form a sector. 
‘The area of the segment equals the area of the sector minus the area of 
the triangle formed. 


O-® 


Areaofsector  — —Areaoftriangle == —_ Area of segment 


Finding the Area of a Segment of a Circle 


What is the area of the shaded segment shown at the right? Round your 
answer to the nearest tenth. AN 
8 


Know Need Plan 

The radius and mAB~ The area of sector ACB Subtract the area of 
and the area of AACB ~ QACB from the area 

er ae ACh 


area of sector ACB = 4B. jr Use the formula for area of a sector. 


= BL. (18)? Substitute 60 for mAB and 18 for r. 


Think inte 

whet tana EL = 540 Simplify. 

is AACB? ae AACB is equilateral. The altitude forms a 30°-60°-90° triangle. 6a A 
Since CA = CB, 1 9 in. 
the base angles of area of ACB = } bh Use the formula for area of a triangle. 30° 

ACB are congruent, Ps 

By the Trangle- = }(18) (93) Substitute 18 for b and 9-V3 for h. com 8 
‘Angle-Sum Theorem, _ we 

mA = m2B = 60. 81Vv3 Simplify. 

So, AACB is equiangular, area of shaded segment = area of sector ACB ~ area of AACB 


and therefore equilateral. 
Be = 54x — 813 Substitute, 


~ 29,34988788 Use a calculator. 
‘The area of the shaded segment is about 29.3 in.2, 


Got It? 3. Whatis the area of the shaded segment shown at the right? Round your 
answer to the nearest tenth, 
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7) Lesson Check 


Do you know HOW? Do you UNDERSTAND? 
1, What is the area of a circle with diameter 16 in.? 4. Vocabulary What is the difference between a sector 
Leave your answer in terms of 2. of acircle and a segment of a circle? 


5. Reasoning Suppose a sector of ©P has the same 
area as a sector of ©O. Can you conclude that OP 
and ©O have the same area? Explain. 


6. Error Analysis Your class 
120° must find the area of a sector 
of a circle determined by a 
150° arc. The radius of the 
circle is 6 cm. What is your 
classmate's error? Explain. 


Find the area of the shaded region of the circle. Leave 
your answer in terms of 


@ Practice and Problem-Solving Exercises 


Qyrnactice Find the area of each circle. Leave your answer in terms of @ See Problem 1. 


+ 5 8. ¢ 9%. 10. 


11. Agriculture Some farmers use a circular irrigation method. An irrigation arm acts 
as the radius of an irrigation circle. How much land is covered with an irrigation 
arm of 300 ft? 


12. You use an online store locator to search for a store within a 5-mi radius of your 
home. What is the area of your search region? 


Find the area of each shaded sector of a circle. Leave your answer in terms of 2. @® See Problem 2, 


13. 14, 
A \45) 
ZN) 
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Find the area of sector TOP in ©O using the given information. Leave your 
answer in terms of x. 


19. r= 5m,mTP = 90 20. r = 6ft,mTP = 15 
21. d = 16in., mPT = 135 22. d = 15cm,mPOT = 180 


Find the area of each shaded segment. Round your answer to the nearest tenth. @ See Problem 3, 


: “ye 


Find the area of the shaded region. Leave your answer in terms of # andin 


simplest radical form. 
Apply 26. A 27. 28. 
29. 30. (V7 31. we 
a 8ft Bf 
mM 


32. Transportation A town provides bus transportation to students living beyond 2 mi 
of the high school. What area of the town does not have the bus service? Round to 
the nearest tenth. 


33. Design A homeowner wants to build a circular patio. If the diameter of the patio is 
20 ft, what is its area to the nearest whole number? 


34. Think About a Plan A circular mirror is 24 in, wide and has a 4-in. frame around it. 
What is the area of the frame? 
* How can you draw a diagram to help solve the problem? 
© What part of a circle is the width? 
# Isthere more than one area to consider? 


35. Industrial Design Refer to the diagram of the regular hexagonal nut, 4mm 
What is the area of the hexagonal face to the nearest millimeter? 


36. Reasoning AB and CD are diameters of ©O. Is the area of sector AOC 
equal to the area of sector BOD? Explain. 


37. A circle with radius 12 mm is divided into 20 sectors of equal area. What) mm 
is the area of one sector to the nearest tenth? 
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38. The circumference of a circle is 267 in, What is its area? Leave your answer in terms 
of z, 


w 
s 


|. In a circle, a 90° sector has area 367 in.?, What is the radius of the circle? 


40. Open-Ended Draw a circle and a sector so that the area of the sector is 16 cm?. 
Give the radius of the circle and the measure of the sector's arc. 


4 


» Amethod for finding the area of a segment determined by a minor arc is described 
in this lesson. 
a. Writing Describe two ways to find the area of a segment determined by a 
major arc. 
b. If mAB = 90 inacircle of radius 10 in,, find the areas of the two segments 
determined by AB. 


Find the area of the shaded segment to the nearest tenth, 


@halienge Find the area of the shaded region. Leave your answer in terms of #. 


= 4s, CS) 4. OQ ”. are 


75° 


48. Recreation An 8 ft-by-10 ft floating dock is anchored in the middle of a pond. 
‘The bow of a canoe is tied to a corner of the dock with a 10-ft rope, as shown in the 
picture below. 

a. Sketch a diagram of the region in which the bow of the canoe can travel, 
b. Whatis the area of that region? Round your answer to the nearest square foot, 
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49. ©O at the right is inscribed in square ABCD and circumscribed 
about square PQRS, Which is smaller, the blue region or the yellow 
region? Explain, 


50. Circles T and U each have radius 10 and TU = 10, Find the area of the 
region that is contained inside both circles. (Hint: Think about where T 
and U must lie in a diagram of ©T and QU.) 


Standardized Test Prep 


\ sacs 51. A circular tabletop has a diameter of 6 ft. What is its area? 
Deri? Doar? @ iar f? D 36r ie 
52. Whatis the value of xin the diagram at the right? 
@3 WDev2 
@3v2 Ds e 


53. The radius of ©Pis 3 cm and the measure of central 2 APB is 100, What is the 
measure of AB ? 


@Ds5 @® 100 © 260 @D 300 


Extended 54. A circle has area 817 yd*. 
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a. What is the circumference of the circle? 
b. What is the length of a 45° arc of this circle? Show all your work. 


Mixed Review 


Find the length of AB in each circle. Leave your answers in terms of x. @ See Lesson 10-6. 


55. i> 57. 
Sam, 


Ee 


58. ‘Ihre sides of a trapezoid are congruent. The fourth side is 4 in. longer than @ See Lesson 6-6. 
each of the other three, The perimeter is 49 in. What is the length of each side? 


Get Ready! To prepare for Lesson 10-8, do Exercises 59-63. 


59. OA has radius 4 cm and ©B has radius 6 cm. Whatis the ratio ofthe areaof_ —— @_ See Lesson 10-7. 
©A to the area of ©B? Write your answer in simplest form. 


You roll a number cube. Find each probability. @ See p.838. 
60. P(4) 61. P(20r5) 62. P(odd number) 63. P(prime number) 
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Concept Byte 


Use With Lesson 10-7 


A polygon is inscribed in a circle when all its vertices are on the circle, Workin small 
groups to investigate inscribed regular polygons, Record your results in a table like the 
one below. 


Regular Polygon Circle Ratios 


| 
Perimeter Polygon Area 


Sides Perimeter | Area | Circumference Area | Circumference _ Circle Area 


Construct 


Step 1 Use geometry software to construct a circle. Find its circumference and area. 
Record them in your table. 


Step 2 _Inscribe an equilateral triangle in the circle. Your software may do this 
automatically. Ifnot, select three points that are approximately evenly 
spaced around the circle, Draw a triangle with these points as vertices. 


Investigate 


Step 3__ Use your geometry software to find the perimeter and area of the 
triangle, Record them in your table. Calculate and record the ratios 


twiangle perimeter triangle area 
Girele circumference #4 “Grete area * 


Step 4 Change the size of the circle. Do the ratios you calculate stay the same or do 
they change? 


Step 5 Repeat Steps 3 and 4 for a square and a regular pentagon. 


Exercises 


1, Make a Conjecture What will happen to the ratios as you increase the number of 
sides of the polygon? As you increase the size of the circle? 


Extend 


2. Extend your table to include a regular 12-sided polygon. 
a, Do your conjectures hold for the 12-sided polygon? 


b. Compare the ratios Pee and POOBEE AES in your table. 


How do they differ? 
3. Estimation Estimate the perimeter and area of a polygon of 100 sides that is Regular Octagon 
inscribed in a circle with a radius of 10 cm. Explain how you made your estimate. 
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1 Measurement 
You can find the area 
of a polygon, or the 
circumference or area 
of acircle, by first 
determining which 
formula to use, Then 
you can substitute the 
needed measures into the 
formula. 


2 Similarity 
The perimeters of 
similar polygons are 
proportional to the 
Tatio of corresponding 
measures. The areas 
are proportional to the 
squares of corresponding 
measures. 


djacent arcs (p. 650) 
* altitude (p. 616) 

+ apothem (p. 629) 

* arc length (p. 653) 

* base (pp. 616, 618) 

+ central angle (p. 649) 
«circle (p. 649) 


Areas of Polygons 

(Lessons 10-1, 10-2, and 10-3) 
Parallelogram A = bh 

Triangle A= }bh 
Trapezoid A= Fhib; + by) 


Rhombus orkite A = }dhdy 


Regular polygon A = fap 


Circles and Arcs (Lesson 10-6) 
C=adorC=2nr 8 
mABC = mAB + mBC 

length of AB = SAB. ar 


Perimeter and Area (Lesson 10-4) 

If the scale factor of two similar figures is 3, 
then 

(1) the ratio of their perimeters is # and 

2 


(2) the ratio of their areas is roo 


Chapter Vocabulary 


* circumference (p. 651) 

* concentric circles (p. 651) 

* congruent arcs (p. 653) 

* congruent circles (p. 649) 

+ diameter (p. 649) 

eometric probability (p. 668) 
* height (pp. 616, 618, 623) 


Choose the correct term to complete each sentence. 


1. You can use any side asthe _?_ ofa triangle. 


2. A(n) _?_ isa region bounded by an arc and the two radii to the arc’s endpoints. 


3, The distance from the center to a vertex is the _?_ of a regular polygon. 


4. Two arcs of a circle with exactly one point in common are _2_. 


Chapter 10 Chapter Review 


Connecting BIG ideas and Answering, the Essential Questions 


Area of a Triangle Given SAS 
(Lesson 10-5) 
Area of AABC = Lbe(sin A) 


m.. 


b 


Areas of Circles and Sectors 
(Lesson 10-7) 

Area of ©0 = a A 

Area of sector AOB B 


_ MAB 
mescdn 


* major arc (p. 649) 

* minor arc (p. 649) 

* radius (pp. 629, 649) 

* sector of a circle (p. 661) 

* segment of a circle (p. 662) 
* semicircle (p. 649) 


10-1 Areas of Parallelograms and Triangles 


Quick Review 

You can find the area ofa rectangle, a 
parallelogram, or a triangle if you know 
the base b and the height h. 


‘The area of a rectangle or parallelogram 
is A = bh. 
‘the area of a triangle is A = bh. 


Example 
What is area of the parallelogram? 
A= bh Use the area formula. 
= (12)(8) = 96 Substitute and simplify. 
‘The area of the parallelogram is 96 cm?, 


12cm, 


Exercises 
Find the area of each figure. 


5. 6. 
A 
an Sin, 


7 (7 ‘ 8. 
“a 
ral 
10 ft 16 ft 


9. A right triangle has legs measuring 5 ft and 12 ft, and 
hypotenuse measuring 13 ft. What is its area? 


10-2 Areas of Trapezoids, Rhombuses, and Kites 


Quick Review 

‘The height of a trapezoid / is the by 
perpendicular distance between the bases, 

igen. ay 


‘The area of a trapezoid is A = $h(b, + by). 


‘The area of a rhombus or a kite is 
A = }djdp, where d, and d, are the 
lengths of its diagonals. 


Example 
What is the area of the trapezoid? 
A= $h(by + by) Use the area formula. 
=4(ay(7 +3) Substitute. 
= 40 Simplify. 
‘The area of the trapezoid is 40 cm?, 


Tom 


Exercises 


Find the area of each figure. If necessary, leave your 
answer in simplest radical form. 


10. 1mm 11. 
aft 
10 ft 

‘6mm 15mm 

12. 6.5m 13, 
‘8 cm. 
10on 
65cm 


14. A trapezoid has a height of 6 m. ‘The length of one 
base is three times the length of the other base. The 
sum of the base lengths is 18 m. What is the area of 
the trapezoid? 


PowerGeometry.com 
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10-3 Areas of Regular Polygons 


Quick Review 

‘the center of a regular polygon C 

is the center of its circumscribed circle. 
‘the radius ris the distance from the 
center to a vertex. The apothem a is the 
perpendicular distance from the center to 
aside. The area of a regular polygon with 
apothem a and perimeter pis A = dap. 


toe 


p 


Example 


What is the area of a hexagon with apothem 17.3 mm and 
perimeter 120 mm? 


Use the area formula. 
= }(17.3)(120) = 1038 Substitute and simplify 
‘The area of the hexagon is 1038 mm2. 


1 
A= hap 


Exercises 


Find the area of each regular polygon. If your answer is 
not an integer, leave it in simplest radical form. 


15. 16. 
6 In, 
y\ Nim 


17. Whatis the area of a regular hexagon with a 
perimeter of 240 cm? 


18, Whatis the area of a square with radius 7.5 m? 
Sketch each regular polygon with the given radius, Then 
find its area to the nearest tenth, 

19. triangle; radius 4 in. 

20. square; radius 8 mm 


21. hexagon; radius 7 cm 


10-4 Perimeters and Areas of Similar Figures 


Quick Review 
Ifthe scale factor of two similar figures is ¢, then the ratio of 
@ 


their perimeters is 5, and the ratio of their areas is e 


Example 


If the ratio of the areas of two similar figures is 4, what is 
the ratio of their perimeters? 


Find the scale factor. 


nal Take the square root of the ratio of areas. 
‘The ratio of the perimeters is the same as the ratio of 
corresponding sides, 3. 
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Exercises 
For each pair of similar figures, find the ratio of the area of 
the first figure to the area of the second. 


6 4 
24. 25. 
rw. ‘on Ff 
14mm 


7mm 


26. If the ratio of the areas of two similar hexagons is 
8 : 25, what is the ratio of their perimeters? 


10-5 Trigonometry and Area 


Quick Review 
You can use trigonometry to find the areas of regular 
polygons. You can also use trigonometry to find the area of 
a triangle when you know the lengths of two sides and the 
measure of the included angle. 
Area ofa A 

= } + side length - side length « sine of included angle 


Example 

What is the area of AXYZ? x 
Area = $+ XY + XZ sinX 

=}- 15-13 sin6s* 15k 

~ 88.36500924 2 


‘The area of AXYZ is approximately 
88 fe, 


10-6 Circles and Arcs 


Quick Review 

Acircle is the set ofall points Semicircle 
ina plane equidistant from a 

point called the center. 


‘The circumference ofa circle 
is C = adorC = 2ar. Radius 


Arc length is a fraction ofa 8 
circle’s circumference. The ACBis a C 


length of AB = eal + 2mr, Major arc. 


Example 


Acircle has a radius of 5 cm. What is the length of an arc 
measuring 80°? 
mAB 


length of AB = “355° - 2ar 
=m. i 
= oo ° 24(5) Substitute. 
Simplify. 


Use the arc length formula, 


20, 
= 2, 


‘The length of the arc is 37 cm. 


Exercises | 
Find the area of each polygon. Round your answers to the 
nearest tenth. 


27. regular decagon with radius 5 ft 
28. regular pentagon with apothem 8 cm 
29. regular hexagon with apothem 6 in. 
30. regular quadrilateral with radius 2m 
31. regular octagon with apothem 10 ft 
32. regular heptagon with radius 3 ft 


33. 34. 
15cm 
12m 
19cm 
2m 
Exercises 
Find each measure. A 
= vy) 8 

35. mZ APD 36. mAC Wa 
37. mABD 38. mZCPA 

G 


Find the length of each arc shown in red. Leave your 
answer in terms of x. 


10-7 Areas of Circles and Sectors 


Quick Review 
‘The area ofa circle is A = 27°. 
Asector of a circle isa region 


bounded by two radii and their 
intercepted arc. The area of 


sector APB = ZAB. p/2, 


A 


Asegment of a circle is the part bounded by an arc and 
the segment joining its endpoints. 


Example 


What is the area of the shaded region? 
Area = 442 . 72 Use the area formula, 


360 A 
SIMs pak oa 
= 3. a(4)? Substitute, B 
- is Simplify. 120° 


‘The area of the shaded region is *$* 2. 


10-8 Geometric Probabili 


Exercises 


What is the area of each circle? Leave your answer in 
terms of x. 


: @ ; @ 


Find the area of each shaded region. Round your answer 
to the nearest tenth, 


45. 129° 46. 
YS 


47. A circle has a radius of 20 cm. What is the area of the 
smaller segment of the circle formed by a 60° arc? 
Round to the nearest tenth, 


Quick Review 

Geometric probability uses geometric figures to represent 
occurrences of events. You can use a segment model or an 
area model. Compare the part that represents favorable 
outcomes to the whole, which represents all outcomes, 


ae 


Exercises 


A dart hits each dartboard at a random point. Find the 
probability that it lands in the shaded region. 


A ball hits the target at a random 
point, What is the probability that 
itlands in the shaded region? 


Since } of the target is shaded, the 


probability that the ball hits the shaded 
region is }. 
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48. 49. 

50. 51 
60° 

52. 


Do you know HOW? 
Find the area of each figure. Round to the nearest tenth. 


A 


Find the area of each regular polygon. Round to the 
nearest tenth, 


3. 4. 
@. @- 


For each pair of similar figures, find the ratio of the 
| area of the first figure to the area of the second. 


12cm Tom 


Find the area of each polygon to the nearest tenth. 


7 8. 
6h 10m 


Find each measure for OP. 


B 
9. m2. BPC 10. m AB Ke] é 
11. mADC 12. mADB 7 

D 


) MathXL’ for School 
S Go to PowerGeometry.com 


Find the length of each arc shown in red. Leave your 
answer in terms of x. 


: a : 


Find the area of each shaded region to the nearest 
hundredth, 


17. Probability Fly A lands on the edge of the ruler ata 
random point. Fly B lands on the surface of the target 
ata random point. Which fly is more likely to land in 
a yellow region? Explain, 


8m —| 


Do you UNDERSTAND? 

18. Reasoning A right triangle has height 7 cm and base 
4.cm. Find its area using the formulas A = }bh and 
A = yab(sin C). Are the results the same? Explain. 


19. Mental Math Garden A has the shape of a quarter 
circle with radius 28 ft. Garden B has the shape of a 
circle with radius 14 ft. What is the ratio of the area of 
Garden A to the area of Garden B? Explain how you 
can find the answer without calculating the areas. 


20. Reasoning Can a regular polygon have an apothem 
and a radius of the same length? Explain. 


21. Open-Ended Use a compass to draw a circle. Shade 
a sector of the circle and find its area. 


[chapter 10 Chapter Test 


Some test questions require 


you to relate changes in lengths 
to changes in areas of similar 
figures. Read the sample. 
question at the right. Then 
follow the tips to answer it. 


@® fin. 
@® din. 


‘The ratio of the areas of the two squares 
shown below is 4: 9, Whatis the length of a 
side of the larger square? 


Think It Through 

‘The ratio of the areas is 4:9. 
‘The ratio of the side lengths is 
V4: V9, or 2:3. 


Use a proportion to find the 


& Vocabulary Builder 


As you solve test items, you must 
understand the meanings of mathematical 
terms. Match each term with its 


mathematical meaning. 
A. perimeter I. the part of a circle bounded 

by an arc and the segment 
B. segmentofacircle Oia endpoints 


C: sector ofacircle the region ofa circle 


D. area bounded by two radii 
and their intercepted arc 


Il, the number of square units 
enclosed by a figure 


IV. the distance around a figure 


@D 13.5in. Jength s of the larger square. 
D sin. 3-8 
‘The correct answer is B. 
Multiple Choice 


Read each question. Then write the letter of the correct 
‘answer on your paper. 


1, What is the exact area of an equilateral triangle with 
sides of length 10m? 
@® 3V3 m2 
@® 2m? 


2. If ACAT is rotated 90° around vertex C, what are the 
coordinates of A'? 


@® 10V3m? 
@D 5V3m2 


® 11,5) fy 

® 63,3) 5 

® (-1,3) 3 7 
D (3,5) 4 fol Ta [a 


3. The vertices of A ABC have coordinates A(—2, 3), 
B(3, 4), and C(1, —2). The vertices of APQR have 
coordinates P(—2, —3), Q(3, —4), and R(, 2). Which 
transformation can you use to justify that A ABC is 
congruent to APQR? 


LE 


a 


® areflection across the y-axis 
® areflection across the x-axis 

©} arotation 180° clockwise around the origin 
© atranslation 5 units left and 6 units down 


4. Ifa truck's tire has a radius of 2 ft, what is the 
circumference of the tire in feet? 


~ ® br Dar 
 @or Da 
| 5. Your neighbor has a square garden, as shown below. 
He wants to install a sprinkler in the center of the 
| garden so that the water sprays only as far asthe 


corners of the garden. What is the approximate radius 
at which your neighbor should set the sprinkler? 


—G) 


@® 125ft @D 2 ht 
@® ist D ask 

6. Which of the following could be the side lengths of 
aright triangle? 
@D 41,6.2,73 
® 40, 60,72 


BD 3.2,5.4,6.2 
D 33,56, 65 


7. Every triangle in the figure at the 
right is an equilateral triangle. 
What is the total area of the 


shaded triangles? 
eva eva 
Qyz OF 
eva evi 
@Qr7 DG 
8. The shaded part of the circle below represents the 
portion of a garden where a landscaper planted rose 
bushes, What is the approximate area of the part of the 
garden used for rose bushes? 


-—:—| 


120° 
&@ 3008? aD 376912 
@D 942 ft? @D 8482 ft? 


9. The vertices of AART are A(1, —2), R(5, —1), and 
1(4, ~4). If the triangle is translated 2 units to the left 
and 5 units up, what are the coordinates of the image 
triangle A'R'T? 

@D A'5, 1), B'(4, ~4), 10, —2) 
®D AG, ~4), R'(10, ~3), 19, -6) 
®D A’, 3), R'(7, 4), 16,1) 
@D 4(-1,3), R'(3, 4), T(2, 1) 
10. In the figure below, whats the length of AD? 


8 
wS r 
i Dar © 

@® 2vBtt @® itt 

@ ott @D 3VBKt 
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GRIDDED RESPONSE 


14. Atriangle has a perimeter of 81 in. If you divide the 
length of each side by 3, what is the perimeter, in 
inches, of the new triangle? 

12. A jewelry maker designed a pendant like the one 
shown below. Itis a regular octagon set in a circle. 
Opposite vertices are connected by line segments. 
Whatis the measure of angle P in degrees? 


A 
ay 


13. The diagonal of a rectangular patio makes a 70° angle 
with a side of the patio that is 60 ft long. What is the 
area, to the nearest square foot, of the patio? 


14, Whatis the area, in square feet, of the unshaded part of 
the rectangle below? 


|}-—_—— 250 h ———-| 


atk 100 ft | 
15. You are making a scale model of a building. The front 
of the actual building is 60 ft wide and 100 ft tall. The 
_ front of your model is 3 fe wide and 5fttall. What is the 
scale factor of the reduction? 


16. At8 o'clock, what is the measure, in degrees, of the 
angle formed by the two hands of the clock? 


17. A square has an area of 225 cm?, If you double 
the length of each side, what is the area, in square 
centimeters, of the new square? 
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Short Response 


18. Use a compass and straightedge to copy the diagram 
of the circle below. Label the center, radius, and 
diameter. Then label a central angle, an arc, a sector, 
and a segment. 


19. The coordinates of AABC are A(2, 3), B(10, 9), and 
C(10, -3). 1s AABC an equilateral triangle? Explain, 

20. Draw a right triangle. Then construct a second triangle 
congruent to the first. Show your steps. 

21. One diagonal of a parallelogram has endpoints at 
P(-2,5) and R(1, —1). The other diagonal has 
endpoints at Q(1, 5) and S(—2, —1). What type of 
parallelogram is PQRS? Explain, 


Extended Response 


22. The coordinates of the vertices of isosceles trapezoid 
ABCD are A(0, 0), B(6, 8), C(10, 8), and D(16, 0). The 
coordinates of the vertices of isosceles trapezoid AFGH 
are A(0, 0), F(3, 4), G(5, 4), and H(8, 0), Are the wo 
trapezoids similar? Justify your answer. 


23. The circle graph below shows fall sports participation 
at one school. 


Fall Sports Participation 


Cross-Country 
5% 
Soccer 
8% 


Other 


a. How many degrees greater is the measure of the 
angle that represents soccer than the measure of 
the angle that represents cross-country? Show 
your work. 

b. If 48 students play soccer, how many run cross- 
country? Explain your reasoning. 


